The most frequently used diagnostic methods were compared in a longitudinal survey with Leishmania infantum-infected asymptomatic dogs from an area of Italy where leishmaniasis is endemic. In February and March 2005, 845 asymptomatic dogs were tested by an immunofluorescence antibody test (IFAT), a dipstick assay (DS), and an enzyme-linked immunosorbent assay (ELISA) for L. infantum and by IFAT for Ehrlichia canis. Dogs seronegative for L. infantum were further parasitologically evaluated by microscopic examination of lymph node tissues and PCR of skin samples. A total of 204 animals both serologically and parasitologically negative for L. infantum at the first sampling were enrolled in the trial and were further examined for canine leishmaniasis (CanL) and canine monocytic ehrlichiosis in November 2005 (i.e., the end of the first sandfly season) and March 2006 and 2007 (1-and 2-year follow-ups, respectively). At the initial screening, the overall rates of L. infantum seroprevalence were 9.5% by IFAT, 17.1% by ELISA, and 9.8% by DS and the overall rate of E. canis seroprevalence was 15%. The rates of concordance between the results of IFAT and DS were almost equal, whereas the rate of concordance between the results of IFAT and DS and those of the ELISA was lower. The results of the annual incidence of Leishmania infection were variable, depending on the test employed, with the highest values registered for PCR (i.e., 5.7% and 11.4% at the 1-and 2-year follow-ups, respectively), followed by ELISA, IFAT, and DS. Over the 2 years of observation, 55 animals (i.e., 26.9%) became positive for L. infantum by one or more diagnostic tests at different follow-up times, with 12.7% showing clinical signs related to CanL, while the remaining 87.3% were asymptomatic. A diagnostic scheme for assessment of the L. infantum infection status in asymptomatic dogs is suggested. 
The most frequently used diagnostic methods were compared in a longitudinal survey on 23
Leishmania infantum infected asymptomatic dogs from an endemic area of Italy initial screening the overall seroprevalence rates for L. infantum were 9.5% by IFAT, 17.1% 32 by ELISA, 9.8% by DS and for E. canis 15%. Concordance between IFAT and DS was 33 almost equal, whereas concordance with ELISA was lower. The results of the annual 34 incidence of Leishmania infection were variable depending by the test employed with the 35 highest values registered at the PCR (i.e. 5.7% and 11.5%) followed by the ELISA, IFAT and 36 DS. Throughout the two years of observation, 55 animals (i.e. 26.9%) became positive for L. 37 infantum at one or more diagnostical test at different follow-ups with 12.7% showing clinical 38 signs related to CanL infection while the remaining 87.3% being asymptomatic. A 39 diagnostical scheme to asses the infected status of L. infantum in asymptomatic dogs is here 40 suggested. 41
INTRODUCTION 47
Canine leishmaniasis (CanL) due to Leishmania infantum is transmitted by different species 48
of Phlebotomus and it is considered one of the most important canine protozoal diseases of 49 zoonotic concern (2) (CME) (13). Indeed, along with CanL, CME by Ehrlichia canis is an important canine vector 59 borne disease (CVBD) in several countries of the Mediterranean basin (40) transmitted by the 60 brown dog tick Rhipicephalus sanguineus. In endemic areas, CanL may represent a veterinary 61 and public health issue mainly due to the high percentage of asymptomatic animals (up to 62 85%) in endemic areas (7) which may serve, similarly to symptomatic ones, as reservoirs for 63 the vector borne transmission of Leishmania spp. to receptive animals and humans (22, 24) . 64
Thus, the reliable identification of Leishmania infected asymptomatic reservoir animals is 65 crucial for any successful control strategy. 66
The definitive diagnosis of Leishmania infection in asymptomatic animals is troublesome 67 since both serological and parasitological methods have inherent limitations (23). Indeed, 68 serology may not be a good indicator of infection when used in cross sectional studies due to 69 the varying time spanning between infection and seroconversion (i.e. from 3 months to 7 70 years- [1] ). Additionally, asymptomatic infected animals may remain seronegative as a 71 Lot P060228-002032908). The parasitized cells were exposed to sera diluted (1:50) in 148 phosphate buffered saline (pH 7.2) in a moist chamber and, after washing, to fluoresceinated 149 rabbit anti-dog IgG (Rabbit anti-dog IgG; Sigma -Aldrich Chemie, Germany, Lot 125K4752) 150 diluted 1:60; both incubations were done at 37°C for 30 min. Samples scored positive when 151 they produced cytoplasmic inclusion bodies fluorescence at a dilution of 1:50 or higher. All 152 positive sera were further titrated until the reaction became negative. 153
A C C E P T E D

Parasitological diagnosis of CanL 154
Tissue from the popliteal lymph nodes was sampled using a non-aspiration technique (20) . 
Sample size 178
The minimum sample size (n=128, i.e. 64 for each kennel) to estimate incidence was 179 calculated, using the software WinEpiscope 2.0 (39), following these assumptions: dog's 180 population for each kennel (n =800), expected incidence 11% (29), maximum error accepted 181 5% and confidence level (95%). Since a certain number of dogs must be expected to be lost to 182 follow-up during a long study period, especially in the kennel situation, more than 100 instead 183 of 64 dogs were enrolled in each group. 184
Incidence calculation and test performance 185
Crude incidence was calculated at each sampling date and for each test as the proportion of 186 positive dogs in comparison to susceptible population. For each calculation dogs previously 187 positive at the same test were excluded and did not contribute any longer to the incidence 188
calculation, although they were tested each time. IFAT and DS was almost perfect (kappa =0.965, rating "excellent"), with only five discordant 217 cases, whereas concordance with ELISA was lower (54 discordant cases, kappa =0.71, rating 218 "good"). Test agreement between ELISA and DS was also rated "good" (63 discordant cases, 219 kappa = 0.678, Table2). 220 Leishmania and Ehrlichia diagnostic tests at each follow-up while the remaining two were 239 clearly positive for anti-E. canis antibodies (antibody titres ranging from 1:200 to 1:1.600). 240
A C C E P T E D
Throughout the two years of observation, 55 animals (i.e. 26.9%) were tested positive for L. 241 infantum in at least one of the diagnostic tests (Table 5 ). In particular, 28 animals were 242 positive only at one of the parasitological tests (i.e. PCR and/or microscopy, group A) while 243 18 were only serologically positive at one or more tests (group B). Only 9 dogs were both 244 
DISCUSSION 262
The results of the present work clearly imply that diagnosis of early CanL and identification 263 of asymptomatic carrier animals in an endemic area might be a complex task. Indeed, at the 264 initial screening while the seropositivity to L. infantum was similar at IFAT and DS (i.e. about 265 9.5%) it was higher when inferred by ELISA (i.e. ~17%). Both, IFAT and DS are less 266 sensitive than ELISA for the detection of specific antibodies in asymptomatic dogs without 267 other infections and kept outside of an endemic area (21). In the present study focusing on 268 early infections in animals living in an endemic area, ELISA proved to be the most sensitive 269 threshold levels of any serological test should be adapted to meet the local conditions. This is 279 reflected by the finding that in our study 44.7% of sera positive only at ELISA at the initial 280 sampling were only marginally above the cut-off level. The concordance between IFAT and 281 DS (K=0.965) tests was high, with only few discordant cases (Table 2) In the last decades, different protocols of PCR were shown to be sensitive and specific to 314 diagnose CanL in a variety of animal tissues (i.e. bone marrow, lymph nodes, skin and blood-315 by calculating the SE rel and SP rel of the serological tests on the basis of the results of the skin 325 PCR, the SE rel was always very low while the SP rel was good (from 92 to 100%, Table 4 ). As 326 a consequence, serological tests are not optimal to detect exposed or newly infected animals. 327
A C C E P T E D
Indeed, since dogs infected by L. infantum (especially if asymptomatic) might not seroconvert 328
immediately after infection or they may develop an immune responsiveness oriented toward a 329 self healing cellular immune reaction, serological test may lead to false-negative results. 330
From a parasitological standpoint, molecular detection of L. infantum on skin samples may 331 indicate prior exposure to infected phlebotomine sand fly bites but also an active infection in 332 resistant (i.e. immunocompetent) dogs, or both (38) . 333
The above issue remains one of the crucial and debated aspect in diagnosing CanL in 334 asymptomatic dogs. Indeed, a dog which has been bitten by one or more L. infantum infected 335 sandflies should be considered an individual which has been "exposed" and so far which 336 needs to be monitored in the follow-up. Similarly, in a previous study 37% of seronegative 337 asymptomatic dogs from an endemic area were positive at the PCR on skin as a likely 338 consequence of an effective cellular immunity (37). on skin samples has to be considered exposed, neither serological nor molecular tests may 345 predict if it will remain long-lasting asymptomatic, it will clear the infection or exhibit 346 progressive leishmaniasis. Accordingly, three animals which resulted positive for Leishmania 347 only at the first screening, at the second converted to negative more likely as an affect of a 348 clearing of infection. A similar picture was previously recorded in asymptomatic animals 349 positive at nested PCR on bone marrow that converted into negative at the follow up (27) . 350
Out of 55 animals positive at least at one test performed for L. infantum (see Table 5 Equal letters correspond to significant difference for p<0.01 518 
